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mhanges in the Central Arterial
ressure Pulse With Aging
aksi et al. (1) comment on the mechanism of blood pressure
hange with aging on the basis of a meta-analysis of 134 cohorts,
rincipally patients with various diseases, and based on the
dentification of an early systolic shoulder, usually by eye or by
ifferent automatic methods. It is generally agreed that the first
ystolic shoulder corresponds to the timing of peak ascending
ortic flow, while a later boost to pressure is usually due to return
f wave reflection from peripheral sites but may be influenced by a
enturi effect in the aorta, especially in the presence of aortic valve
isease (2).
When attempting to interpret a mechanism for aging, it is most
ppropriate to study data from normal subjects, using the same
alidated high-fidelity recording system and the same method of
nalysis. The late Ray Kelly performed such a study for his doctoral
hesis in Sydney (3) and showed in a cohort of over 1,000 normal
ubjects that the carotid waveform exhibits a first systolic peak or
houlder between 102 and 116 ms at all ages, and that this occurs
oon after the peak of aortic flow (at about 100 ms). The Kelly
t al. (3) study was not included in the Baksi et al. (1) meta-
nalysis. In the Kelly et al. (3) study, there was no rise in pressure
rom this first systolic peak during the first 4 decades of life, with
he rise illustrated by Baksi et al. (1) seen only in the fifth decade
nward and attributed to early systolic return of wave reflection.
hese changes were evident in waveforms that were ensemble
veraged for some 50 normal subjects per decade. Corresponding
hanges were seen by Kelly et al. (3) in the radial artery. The fall
n late systolic pressure in normal subjects up to the fourth
ecade corresponded to the incisura caused by aortic valve
losure, and this appeared to approximate the return of periph-
ral wave reflection (2).
With ejection duration at normal heart rate similar at all ages,
ne expects to see return of wave reflection in a time interval
panning the early part of systole to the early part of diastole. With
summed reflection site about 50 cm from the aortic valve (4), one
ould expect to see return of wave reflection some 250 ms after the
nset of the wave, when wave velocity is about 4 m/s, as in young
ubjects, and at about 100 ms in older subjects with aortic pulse
ave velocity of 10 m/s (2). Again, such were the findings of Kelly
t al. (3).
Aging changes in arterial pressure were established by Kelly
t al. (3), Murgo et al. (4), and others and are readily explained on
hysical and physiological principles (2). The Imperial College
roup (1) has identified an early systolic shoulder in their meta-
nalysis but cannot associate this with the aging process. This
robably represents the peak of aortic flow. Their extrapolation of
ata to 221 years exemplifies the fanciful nature of their analysis. tMichael F. O’Rourke, MD, DSc
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eply
e thank Dr. O’Rourke and colleagues for their letter. We share
heir concerns over the interpretation of the timing of the
houlder/inflection point of the pressure waveform as an indicator
f the time of return of reflected waves. Nevertheless, this
nterpretation is very common, and we note that the pre-eminent
extbook in this field, of which 2 of the correspondents are authors,
tates that “the inflection point occurs at peak blood flow velocity
nd denotes the initial upstroke of the reflected pressure wave in an
rtery” (1). Both we (2) and Segers et al. (3) have previously
ompared the timing of reflected waves calculated by separation
nto forward and backward components with that estimated from
he pressure wave alone and found only moderate agreement
Spearman’s   0.5 [2] and r  0.35 [3]). We reiterate our view,
xpressed in the meta-analysis (4), that approaches that can
eparate forward and backward waves using either frequency or
ime-domain approaches are preferable in future studies aiming to
stablish the contribution of wave reflection to blood pressure
hanges with aging or disease.
With regard to the determination of the shoulder/inflection
oint, in over one-half of the subjects included in the meta-analysis
8,699 of 13,448), the timing was determined using an automated
echnique programmed into the SphygmoCor device (AtCor
edical Pty. Ltd., West Ryde, Australia). While the precise
ethod used by the makers of the SphygmoCor is undisclosed,here was no systematic difference between studies using this
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May 11, 2010:2183–4pproach and those using other techniques, most of which were
ased on the use of higher order derivatives.
While we acknowledged the work of Kelly et al. (5) in our
eport, no estimates of variance were presented in their report, so
t was not included in our meta-analysis. If Dr. O’Rourke and
olleagues could provide us with appropriate source data, we would
e delighted to update our meta-analysis. Nevertheless, it appears
hat the Kelly et al. (5) data are essentially in agreement with the
onclusions of our meta-analysis (4). In published reports, there is
o evidence of a substantial shift in wave reflection timing to
ccount for the development of hypertension with aging. These
ndings challenge the current consensus view. The mechanisms of
lood pressure elevation in aging should be re-evaluated.
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